SUMMARY
Regional myocardial blood flow during exercise was determined using the thermodilution technique in 2 patients suffering from both spontaneous and exertional chest pain. In both cases we observed that effort-related anginal attacks were due to coronary spasm with sudden reduction of regional left ventricular blood flow. In 1 patient the exercise-induced ST-segment elevation in the anterior leads was accompanied by a reduction of flow in the great cardiac vein.
In the second patient the exercise-induced ST-segment depression in the lateral leads was accompanied by a reduction of coronary flow in the area supplied by the circumflex artery. In 1 patient, nifedipine was effective in prolonging exercise tolerance by preventing the occurrence of coronary spasm and by increasing blood supply to the ischemic region during exercise. Both GCVF and CSF increased during exercise before the appearance of ST-segment elevation. When ST-segment elevation developed, CSF continued to increase while GCVF abruptly decreased (Table I, Fig.1 ). Left panel: control left coronary angiograms showed 75% stenosis of the circumflex branch. Right panel: when spontaneous chest pain occurred, the circumflex artery was completely occluded by coronary spasm (arrow).
Additional
Case 2 A 57-year-old man had a 5-year history of chest pain at rest and during normal physical activity with waxing and waning periods. In the last 3 months, the attacks had increased in frequency, occurring several times a day. Physical examination on admission proved normal. The blood pressure was 150/95 and the pulse rate was 60/min regular. The electrocardiogram at rest was normal. The exercise test induced pain with ST-segment depression in leads V4-V6. The left ventriculogram revealed normal myocardial contraction. Selective coronary arteriography demonstrated a 75% stenosis of the small left circumflex artery at a site proximal to the origin of the obtuse marginal branch and also two 50% stenoses of the mid and distal portions of the left anterior descending artery.
The preponderant right coronary artery showed mild irregularities in its caliber. During an episode of chest pain associated with ST-segment depression in leads V4-V6, coronary arteriography revealed a coronary spasm resulting in the complete occlusion of the obtuse marginal branch (Fig.2) .
The electrocardiographic abnormalities and coronary spasm both subsided spontaneously. The exercise test performed during regional myocardial blood flow measurements induced chest pain associated with the same electrocardiographic changes observed during the spontaneous attack.
During exercise, both GCVF and CSF increased, but the difference between CSF and GCVF (CSF-GCVF) decreased (Table I, Fig.3) . The effects Case 2-During exercise chest pain associated with ST-segment depression occurred at a low workload. Great cardiac vein flow (GC-VF) increased during exercise, but the difference between coronary sinus and great cardiac vein flow (CSF-GCVF) decreased. After nifedipine such a decrease did not occur any longer and the patient tolerated a higher workload, obtaining a greater value of heart rate-systolic pressure product (DP).
of nifedipine administered sublingually were observed 20min later.
Myocardial blood flow at rest, prior to exercising, was consistently greater as compared with control conditions.
The exercise test performed after the administration of nifedipine induced chest pain and ECG signs of myocardial ischemia at a higher workload and with a far greater value of heart rate-systolic blood pressure product at peak exercise. During the test, GCVF and CSF further increased, while the decrease in the (CS-GCV) flow was no longer observed. Our patients complained of spontaneous and exercise-induced angina . Coronary vasospasm was responsible for the anginal attacks at rest , as documented by coronary angiography in 1 patient and by the demonstration of transient ST-segment elevation during chest pain in the other patient .1) 2),15) Coronary flow studies during exercise also showed that the effort-related anginal attacks were due to coronary spasm . In 1 patient, the exercise-induced ST-segment elevation in the anterior leads was accompanied by a reduction in great cardiac vein flow while coronary sinus flow remained increased .
Since the great cardiac vein drains blood from the left anterior descending artery,16) a sudden decrease in flow coincident with ST-segment elevation is strongly indicative of a vasospastic occlusion of this artery . In a previous paper17) we have shown that exercise-induced ST-segment elevation in patients without myocardial infarction or left ventricular aneurysm is caused by spasm of a major coronary artery. In the second patient in the present study , exercise-induced electrocardiographic abnormalities were accompanied b y a re-d uction in the difference between coronary sinus and great cardiac vein flow compared with the resting values , while great cardiac vein flow increased. In this patient, the difference between coronary sinus and great cardia c vein fl ow probably reflected only the left circumflex flow , while the venous effluent of the right coronary artery was not sensed by coronary sinus sampling . In-d eed, these veins often enter the coronary sinus at or near its osti um or drain separately into the right atrium .16), 18) We believe that the marked decrease in the difference between coronary sinus and great cardiac vein flow at peak 
